The Quality Management System (QMS) initiative of TransCelerate BioPharma Inc has identified potential benefits that could be captured from the development of a flexible, proactive clinical QMS conceptual framework for clinical research. Such a framework would aid organizations in seamlessly managing the complex clinical trial environment and, ultimately, in expediting delivery of needed treatments to patients. This article chronicles the evolution of a TransCelerate concept paper describing a proposed clinical QMS framework and reviews feedback from varied global clinical trial stakeholders during socialization of the concept paper. Many stakeholders recognized the potential for the concept paper to inform development of a harmonized International Council for Harmonisation (ICH) guideline, providing needed clarity from regulators on their expectations for QMS in the clinical realm. Accordingly, the article also describes TransCelerate's efforts to work with regulators to facilitate harmonization on this important topic and reviews ongoing work to develop additional tools and resources that may support organizations in evaluating whether and how they might translate the conceptual framework principles into practice.
Introduction
Organizations engaged in drug development face an increasingly challenging environment: an expanding global footprint for clinical trials, evolving regulatory requirements, dynamic partnership models, and rapidly evolving technology. At the same time, many organizations are also innovating how trials are designed and conducted, adding to the complexity. Managing this complexity could be greatly enhanced by an effective and efficient Quality Management System (QMS). However, what constitutes an effective and efficient QMS is not well defined for clinical development. This article provides an update on the activities of a TransCelerate initiative developing a flexible, holistic, clinical QMS conceptual framework to address this gap. 1 
Initial Development of a Vision and Outline for a Clinical QMS Conceptual Framework
This TransCelerate effort started with identifying the gap in regulatory guidance for clinical trials. Prior to this, many organizations had been attempting to implement the International Council for Harmonisation Guidance Q10 (ICH Q10) for Good Manufacturing Practices (GMP), 2 or to follow other international standards dedicated to quality, such as ISO methodology. 3 None, however, suited the unique circumstances of clinical trials. This issue, and other related quality issues, led TransCelerate to work to develop a vision and outline for a clinical QMS conceptual framework. 1 This outline incorporated feedback from TransCelerate member companies on their existing clinical QMS, perspectives on QMS from other nonpharmaceutical industries, and key concepts (ie, risk-based thinking) from the revised International Organization for Standardization 9001 standard (ISO 9001:2015). 4 In particular, interviews with TransCelerate member companies revealed that some are using the GMP QMS framework (ie, ICH Q10) for their clinical development activities, leading to the challenge of translating a rule-based GMP QMS framework into a judgment-based clinical environment. These interviews also indicated that existing clinical QMS are neither optimally efficient nor effective and are frequently overengineered and reactive in nature. Rather than helping to manage the complexity of clinical development, existing clinical QMS add to it. Also, too often, QMS are considered the responsibility of a Quality function, furthering the misconception that ''Quality'' is the sole owner of quality.
During socialization of the vision and outline, stakeholders across the clinical development ecosystem concurred that a holistic, flexible approach to the design and implementation of a clinical QMS would be a key foundation for addressing these challenges. Stakeholders agreed that recurring quality issues could be better addressed (and in many cases, prevented) through a risk-based, clinicalfocused QMS. In doing so, perceptions about clinical research could be transformed, especially for the most important stakeholders-the patients.
Discussions with health authorities, in particular, provided valuable insights into the current state of clinical QMS design and implementation. First, health authorities were unaware that, because of the absence of a harmonized guidance for a clinical QMS, organizations were using the GMP QMS described in ICH Q10 for their clinical development activities. These health authorities acknowledged the challenges with conducting clinical research using ICH Q10. Further, they noted that organizations are missing opportunities to apply knowledge management and drive continuous improvement through a clinical-focused QMS.
Development of the Concept Paper
The concept paper described in this article (see the Appendix) builds upon the initial outline and feedback received from stakeholders and presents a fully articulated conceptual framework. The following principles guided the development of this concept paper: 1. The framework described in the concept paper must support a shift from reactive to proactive, to preventing risks from becoming issues that undermine clinical development activities. 2. The framework must be flexible and adaptable to account for the diversity of organizations that may be interested in voluntarily implementing it.
In keeping with the ultimate goal of transitioning the proposed clinical QMS framework to ICH to support harmonization, the level of detail in the concept paper is intended to be consistent with formal guidance. In order to allow the QMS to be adapted broadly, fine details for implementation have been deliberately excluded from the concept paper. For example, there are many different methods for designing processes and delivering associated training, and organizations should be free to utilize the methods most suited to their needs. Organizations seeking more tactical guidance will be able to leverage separate element-specific publications and other resources being developed by the TransCelerate QMS initiative. By applying the approach described in the concept paper, organizations should benefit from decreased time, energy, effort, and resources devoted to re-work and labor intensive issue resolution. Health authorities will also benefit from this ''right the first time'' approach that permits their reviewers to focus on regulatory science. In addition, the framework, through its focus on prospective dialogue and mutual understanding of expectations for partnered activities, should enhance clinical development collaborations (eg, vendors, sites, and co-development partners). Over time, use of the framework could transform the concept of quality to ''what we do'' as an organization in day-to-day clinical development activities and decision making. With strong leadership commitment to quality and a focus on continuous improvement, organizations should experience fewer quality-related delays in bringing needed safe and effective treatments to patients.
Stakeholder Feedback on the Concept Paper
External stakeholders including health authorities, industry and trade associations, and others have generally expressed support for the conceptual framework, with several common themes emerging. One theme was that an organized framework for a clinical QMS would benefit patients by minimizing and/or eliminating delays in bringing products to market, whether due to recurring errors or other inefficiencies within the clinical trial process. Multiple health authorities noted that the consistency afforded by sponsors using the conceptual framework might streamline their application reviews, expediting decision making and potentially speeding patient access to medicines ( Figure 1 ).
Another theme was that a unified approach within an organization that encourages cross-functional collaboration could remove silos within the organization that impede efficient operations. Lack of clarity in expectations and communication within an organization and with an organization's partners would be reduced and potentially eliminated.
Stakeholders identified that efficiencies from the framework may also extend to those with whom clinical trial sponsors engage in designing, conducting, and overseeing trials. Clinical site-related organizations indicated they could also benefit from such a framework in 2 ways: (1) the conceptual framework might support their own quality management activities, and (2) the approach in the conceptual framework might make sponsors better partners to them. Another party echoed this latter statement, suggesting that by considering the external context in which trials are conducted, sponsors would be better able to tailor their quality oversight appropriately.
However, while stakeholders strongly agreed that a harmonized regulatory guidance was welcome, a few expressed concerns about how such guidance might be applied by industry and regulators. With the concept paper potentially informing regulatory guidance development, the TransCelerate QMS initiative is actively working to alleviate these concerns. For example, some stakeholders worried that the principles-based conceptual framework might evolve to a more rules-based guidance that does not allow for clinical and scientific judgment. To address this, TransCelerate has engaged in dialogue with a broad range of health authorities throughout the concept paper's development, emphasizing the need for flexibility and tailoring. Initiative members will continue to engage with ICH through appropriate channels to reiterate the core principle of flexibility if a harmonized guidance is undertaken. Such guidance should establish that alternative approaches and tailoring are encouraged, as long as the underlying requirements of applicable statutes and regulations related to clinical development are satisfied.
Other stakeholders identified a need for more practical direction on how to implement the conceptual framework within their organizations. As noted, the TransCelerate QMS initiative is currently developing more tactical guidance for key elements (such as Issue Management and Knowledge Management) that will support organizations that choose to voluntarily implement the conceptual framework. However, where relevant, the concept paper includes examples of practical applications of framework elements to support the concept paper's use by a diverse range of organizations (including those new to clinical research). Additional resources for change management are also being developed to support both those organizations that may be developing a clinical-focused QMS and those with an existing clinical QMS who may be interested in comparing it to the conceptual framework to identify potential enhancements.
Finally, some stakeholders questioned how a clinical QMS relates to other quality management initiatives, such as clinical quality-by-design, 5 risk-based monitoring, 6, 7 and the proposed integrated addendum to ICH E6 that explicitly mentions ''a system to manage quality throughout the design, conduct, recording, evaluation, reporting and archiving of clinical trials.'' 8 The concept paper addresses these connections, clarifying that a clinical QMS integrates trial-level quality management activities such as quality-by-design and risk-based monitoring into a holistic picture of quality for an organization. Ultimately the benefits, including the potential to reduce and eliminate rework, address challenges in collaboration and prevent recurring issues surpass the potential risks of a harmonized guidance (eg, the potential for increased inspectional scrutiny of QMS). Without a clearly defined clinical QMS conceptual framework, existing challenges will continue unabated. Quality will continue to be viewed as belonging to a singular function (''Quality'') rather than being owned by everyone involved in clinical development. Organizations will continue to expend resources unnecessarily and experience ''success'' in fixing problems rather than preventing them from occurring. Organizations will continue to face delays in getting approval to market their drugs as a result of preventable quality issues. Additionally, performance, both internally and in partnerships, will continue to be assessed primarily on speed of delivery rather than on proactive and collaborative management of risks and, ultimately, quality and timely delivery. Without the benefit of a clearly articulated clinical QMS framework, organizations may define their QMS reactively, in response to inspection findings. This reactive approach misses opportunities to strategically design a framework focused on the broad range of stakeholders, not only the expectations of inspectors, and to create an environment of continual improvement that supports innovation across clinical development. Finally, in the absence of the benefits such a QMS can provide, confidence in pharmaceutical research may decline and delays in bringing important therapeutic treatments to patients will continue.
Conclusion and Next Steps
This publication summarizes the journey that TransCelerate has taken to develop a clinical QMS conceptual framework. This framework will permit various stakeholders to apply a tailored approach to implementing a clinical-focused QMS that fits their specific organizational context and needs. Such a tailored clinical QMS will result in a clear and concise approach for all stages of clinical development and will benefit all clinical trial stakeholders.
While ICH considers whether clinical QMS will be a topic for harmonization, TransCelerate QMS initiative members will continue to support the ICH process through public comment and ongoing dialogue with stakeholders. Initiative members will also continue to seek feedback and build upon the concepts articulated in the paper. Work to further elaborate 2 QMS elements, Issue Management and Knowledge Management, is ongoing. TransCelerate will develop additional detailed tactical guidance and resources for other QMS elements to support organizations interested in proactively and progressively adopting the proposed framework. These resources, like the conceptual framework itself, are intended to be tailored to organizational needs. Change management resources will also be developed and issued throughout 2016. Finally, to support companies who have elected to embrace this approach, Trans-Celerate will develop and communicate measures of clinical QMS effectiveness and share additional best practices and examples of practical application of the conceptual framework.
Appendix: Enhancing Quality and Efficiency in Clinical Development Through a Clinical QMS Conceptual Framework
Introduction
A Quality Management System (QMS) is an integrated approach through which an organization systematically defines quality objectives taking into account both its strategic objectives and applicable regulatory requirements and develops and implements the infrastructure, including the foundations, organizational structure, processes, and resources, required to achieve these objectives. QMS are successfully used to promote and manage quality and to improve performance in complex environments in industries ranging from aviation to information technology. While QMS have become ubiquitous across many industries, their adoption in the clinical development area has been challenging. This paper therefore offers a conceptual framework that will facilitate clinical development organizations in developing a QMS that is proactive, flexible, and tailored to the clinical environment.
A QMS tailored to clinical development and the unique requirements of clinical development stakeholders can 1. support organizations in holistically and systematically managing quality across all clinical development activities from first-in-human trials through postmarketing studies, including noninterventional trials; 2. give organizations the means to efficiently achieve their clinical quality and organizational objectives; 3. Provide an organization's leadership with an integrated view of whether these objectives are being met and risks to patients and to data quality are appropriately managed systematically; 4. support organizations appropriately managing clinical development-related risks; 5. reduce recurring quality-related issues that undermine patient safety and data integrity and consume resources; 6. promote a culture of quality and knowledge management, permitting an organization to capitalize on opportunities to enhance its clinical development activities (ie, continuous improvement); and 7. ultimately increase confidence in clinical research.
A clinical QMS enables consistent and efficient delivery of reliable data that may be used by an organization, its partners, health authorities, health care providers, and patients to make informed decisions concerning medicinal products. Moreover, in a research setting, a clinical-focused QMS will enable the consistent conduct and appropriate oversight of research that is sound and ethical. Research participants will have assurance that the data generated from their participation will be used to advance scientific knowledge, and ultimately, patients can be confident that information they receive about medicines is based on sound research.
Scope
This conceptual framework outlines a clinical QMS focused on the development of drugs, biologics, and vaccines from first-inhuman trials through postmarketing clinical activities, including noninterventional studies. Medical device development may be subject to existing GMP-focused QMS requirements, but this framework may support clinical aspects of their development. This framework provides a flexible, risk-based approach that can facilitate developing a clinical QMS that can continue the quality oversight provided by a preclinical QMS; integrate with a manufacturing QMS for clinical trial product supply; and transition to commercial manufacturing quality management. 2 Safety data collection, review, and reporting in the context of clinical development activities fall within the scope of a clinical QMS and should closely align with other pharmacovigilance activities to demonstrate end-to-end oversight of product safety.
Guiding Principles
The conceptual framework described in this concept paper will enable development of a flexible and proactive clinical QMS through the following: a. encouraging an environment in which leadership drives a culture of quality, focused on prevention, in which all individuals are responsible for quality; b. facilitating a common understanding of quality management concepts as applied to clinical development; c. encouraging organizations to develop and improve their clinical QMS, regardless of the organization's size and operating context, and to align with other organizational QMS; d. overcoming a siloed approach to quality within organizations and ensuring a sustained focus on the fundamental goal of clinical development: serving the needs of patients and health care professionals and improving global health; e. highlighting the broad elements of a QMS tailored to a dynamic clinical environment; f. taking a holistic, clinical development-wide view of quality, integrating quality measures from trial-level and program-level quality activities across all of clinical development; g. facilitating the efficient integration of new models, such as clinical quality by design (QbD) approaches; and h. encouraging data-driven decision making by capitalizing on available data, information, and knowledge and, as appropriate, technology advances.
Relationship of a Clinical QMS With Trial-Level Quality Activities
A clinical QMS provides for clinical development-wide management of quality, integrating trial-, program-, and functional-level quality activities. Clinical QbD is an overarching trial-level quality management approach that builds quality into trial design and operations through prospective identification of critical to quality aspects of a specific trial and subsequently focusing efforts on preventing (eg, through trial design) and/or mitigating errors that matter (ie, those errors that would materially impact the safety of patients or the credibility of conclusions based on trial data). 5 QbD sits within the broader clinical QMS and is itself an anchor for quality control activities such as risk-based monitoring (RBM). RBM is a quality control activity that can be used to identify and respond swiftly to errors that matter in a trial (TransCelerate's RBM initiative materials can be found at http://www.transceleratebiophar mainc.com/initiatives/risk-based-monitoring). Figure A1 depicts how QMS, QbD, and trial-level quality control activities such as RBM are related. Figure A2 shows the foundational aspects and conceptual elements recommended for a clinical QMS. The foundational aspects are described in this section and the elements in Sections 6 and 7.
Foundational Aspects of a Clinical QMS Conceptual Framework

Understanding the Context
To develop an effective and efficient clinical QMS, the organization should evaluate and understand the external and internal environment ( Figure A3 ) in which it operates. This evaluation will permit tailored development, refinement, and implementation of an organization's clinical QMS based on the unique aspects of the organization. Ready access to information relevant to the internal and external context is strongly facilitated by an effective knowledge management framework (see Section 6.6). The organization should also monitor for new or evolving legislation, regulations, guidance and/or other significant changes in the external environment relevant to its activities and its partners. The evolution of regulatory policy and advances in regulatory science may all impact the design and operations of a clinical QMS. These regulatory intelligence activities are directly relevant to processes, risk management, issue management, and knowledge management.
External considerations
Internal considerations
An organization's strategic objectives (including its quality objectives), the plans for achieving them, its governance structure, and its culture strongly influence how a clinical QMS will be designed and implemented. Careful consideration should be given to how a clinical QMS will align with strategic objectives, as a QMS framework should support their achievement while maintaining compliance with applicable regulatory requirements.
Similarly, a clinical QMS should be tailored and integrated within the governance structure, with flexibility to account for changes in governance. In turn, the governance structure should support the QMS. For example, considering the size and complexity of the organization, the appropriate governance structure can facilitate swift transparent decision making, avoid the development of silos within the organization, and facilitate enterprise wide input into the clinical QMS.
The organization's culture can strongly influence successful QMS design and implementation. The organization should critically assess the current culture and value drivers within the organization to understand the extent to which these may support or hinder an effective QMS. Attention should be given to proactively addressing any cultural challenges that may impede effective and efficient design and sustained implementation of a clinical QMS.
The organization should consult with the range of internal stakeholders who may impact, be impacted by, or perceive that they are impacted by a clinical QMS and/or the quality of clinical development. Internal stakeholders extend beyond the clinical development organization and may include, but are not limited to, legal, regulatory affairs, drug safety/pharmacovigilance, human resources, product manufacturing, procurement, finance, and staff members from other functions. These consultations may also identify process touchpoints and overlaps between functions and support evaluation of whether processes may be aligned, streamlined, and coordinated where possible, while avoiding a one-size-fits-all environment. For example, the organization may identify that there are many different training-related processes and systems across the enterprise, which may be aligned and streamlined while still accounting for necessary variations across disciplines.
Leadership Commitment to Quality
An organization's senior leadership is accountable and responsible for defining and documenting expectations for quality and communicating the importance of quality to the organization. This message should be consistent, credible, and tangible, such that each individual understands how quality applies to him or her and other stakeholders. Leaders at all levels should visibly support this message and emphasize the importance of a collaborative approach to quality. Leaders should communicate that a quality function is an enabling function, to support and advise the business, not the function wholly responsible for ensuring quality.
In addition to formal communication, leadership commitment can be demonstrated in a variety of ways including serving as a visible quality advocate; modeling desired behaviors to shape and reinforce a culture of quality; assuring sufficient resources and adequately trained staff is available across the organization to support all functions with a role in ensuring clinical quality; and rewarding proactive mitigation of risks to quality.
An organization's senior leadership should have ongoing insight into the effectiveness and efficiency of its clinical QMS as well as a holistic view of the status of significant quality risks and issues (see Section 7.2). These senior leaders are accountable and responsible for defining the overall risk attitude of the organization and verifying that decisions to accept, avoid, mitigate, or transfer significant risks are aligned (see Section 6.4). They are also accountable and responsible for making decisions about actions required to address significant quality issues. Senior leaders may delegate their responsibility for ongoing management oversight. However, these leaders retain accountability and should ensure that staff members to whom these responsibilities are delegated have the appropriate authority, competence, and resources to carry them out effectively. Finally, given the dynamic nature of clinical development and the ongoing evolution of health authority requirements for quality, senior leadership should periodically review quality expectations and update them, as appropriate, to ensure stakeholder needs and requirements continue to be met.
Organizational Commitment to Quality
Senior leaders and managers throughout the organization should cultivate an environment in which each individual takes ownership of quality in his or her role and holds himself or herself and others accountable for quality. The organization should empower individuals to address quality concerns by providing formal channels for communication and escalation without fear of reprisal, and the organization should provide opportunities for open and ongoing dialogue about quality. Individuals should be encouraged to identify and bring forward more effective and efficient ways to undertake activities.
Continuous Improvement of the Clinical QMS
The organization should monitor the internal and external context for changes that might necessitate modification of its clinical QMS. The organization should seek opportunities to enhance effectiveness and/or efficiency of its clinical QMS. This is generally accomplished by leveraging outputs from the organization's knowledge management activities (Section 6.6), ongoing monitoring of process effectiveness and efficiency, conducting periodic self-assessments or internal audits, and engaging in benchmarking. Modification of an organization's clinical QMS or its individual elements should be supported by appropriate change management activities. 9 
Elements of a Clinical QMS Conceptual Framework to Integrate Quality Across Clinical Development
The following elements should generally be prospectively developed to integrate quality into clinical development activities: Processes; Resources, Roles, and Responsibilities; Partnering; Risk Management; Issue Management; Knowledge Management; and Documentation Supporting Achievement of Quality. These elements frequently intersect; for example, both knowledge management and issue management provide background information supporting risk management activities. Risk management in turn helps to define which potential issues might meet the threshold for action if they were to materialize.
Processes
Processes should be well defined and characterized prior to determining which require supporting procedural documentation and which do not. Process mapping and other business process management tools may support clear articulation and understanding of processes and evaluation of the need for formal written procedures. Clear and concise procedural documents (eg, policies, standard operating procedures, and work instructions) should be developed as necessary to ensure consistency in process execution. Where processes cut across multiple functions, development of procedural documents may be best accomplished through cross-disciplinary teams. Leadership commitment to quality (Section 5.2) should also be reflected through review and approval of procedural documents by appropriate levels of leadership.
The organization should identify the appropriate level and detail of procedural documentation needed to support clinical development. Procedural documents should be fit for purpose and should facilitate individuals in readily identifying their roles and associated responsibilities and the context of their roles within the broader process. Consideration should be given to including links to other relevant procedural documents.
Procedural documentation should be created or modified primarily to address changes in the underlying process (eg, improvements in process efficiency identified through continuous improvement activities), address evolving customer requirements (eg, health authority requirements), or mitigate risks to quality objectives.
Before developing a procedural document to mitigate a risk, the organization should verify that this action will meaningfully reduce the risk or eliminate its root cause. The organization should also periodically assess information from issue management activities to identify whether issues could be alleviated through process redesign and/or the development, revision, and/or retirement of procedural documents. Knowledge management activities may also identify changes that warrant re-evaluation of processes and associated documents. These activities may also identify redundant documents that could be retired, simplifying the procedural document infrastructure.
For any new or revised procedural document, the organization should consider the burden of implementation (including change management activities and training needs) and sustaining the process relative to the risk or requirement being addressed by the procedure. Organizations should craft procedural documents to be less sensitive to organizational changes to avoid frequent administrative revisions (eg, referring to generic roles instead of functional titles or specific individuals by name).
The organization should determine how staff will be made aware of new and/or amended procedural documents and should determine appropriate architecture and methods to permit ready access by staff members. The organization should clearly identify those procedural documents that are considered mandatory (ie, represent regulatory or organizational requirements) and those that represent best practices and can aid staff in carrying out their activities.
Training on procedural documents should be similarly focused and streamlined. Consideration should be given to what training is considered part of the core curriculum for those engaged in a given activity and which training could be delivered ''just in time'' (ie, training timed to the need to carry out a specific activity).
Resources, Roles, and Responsibilities
The organization should prospectively evaluate the required resources and skillsets for achieving its clinical strategy. The organization's leadership should ensure that appropriate resources are available, including both material resources (systems, standards, training environments) and staff. For staff members, leaders should ensure that there is clarity in roles, responsibilities, and accountability for operational effectiveness and quality at all levels throughout the organization, including with its partners. Leaders at all levels should manage resources in a proactive manner, by anticipating resource and expertise needs according to the strategic direction of the organization, its evolving risk profile, as well as the evolving regulatory environment.
All staff, including temporary personnel and contractors, should be qualified by appropriate education, training, and/or experience to perform the activities for which they are responsible (''right people in the right place''). Prospective consideration should be given to the knowledge and competencies required for each role and how these competencies and knowledge will be achieved.
Partnering
In a clinical development setting, partnerships include both collaborations in which organizations jointly develop a product (eg, co-development agreements) as well as outsourcing activities (eg, data management or clinical monitoring). Partnering involves forging successful strategic relationships.
The organization should prospectively consider the needs, expectations, and limitations of all parties involved in a partnership as well as the risks posed by the activities to be carried out in such partnerships. The parties should be transparent about known risks relevant to the partnered activities and should agree upon an appropriate strategy for proactively identifying, assessing, and addressing risks throughout the partnership.
While the Sponsor or Marketing Authorization Holder has ultimate accountability for quality, each party should take ownership of quality for its contribution to the partnership. A common understanding should be established among all parties regarding their specific roles in the overall quality of the partnered activities and how oversight of quality will be maintained. This should include their respective roles and responsibilities and how issues will be managed and escalated. Where applicable, the parties should prospectively determine how to bridge their respective quality systems in the management of the partnered activity.
The parties should prospectively document their agreement regarding expectations for how activities will be conducted and overseen, communications (including escalations) will be managed, and performance will be measured. The level of documentation and oversight of partnered activities should be commensurate with the risks of the activities. This documentation may be as simple as a contractual clause or, where necessary, could be contained in a stand-alone quality agreement. The parties should periodically monitor and discuss the performance of all aspects of the partnership and identify and implement any needed improvements. Table A1 provides examples of points to consider during when establishing a partnership between a sponsor and CRO. It includes potential tools or resources that may support or document decisions made in these discussions.
Risk Management
Overview
Risk management enables an organization to achieve both organizational and quality objectives by taking explicit account of uncertainty about achieving these objectives and making informed decisions about how best to manage that uncertainty (ISO 31000 10 ). Risk management should ideally be integrated into day-to-day decision making throughout the organization. An organization's senior leadership should communicate the value of risk management and demonstrate their consideration of risk in decision making (eg, when setting organizational strategic plans).
Risk management is a process through which risks are identified and characterized to permit timely and data-driven decisions about whether and how they need to be addressed. Care should be taken to distinguish between issues (events that have occurred) and risks (potential events with a range of potential consequences). Focusing on risks and their management allows organizations to shift to a proactive and predictive state, prioritizing resources to address the most significant strategic, operational, quality, and compliance-related risks. The following are examples of these types of risks: a. Strategic risk: Will engaging in licensing opportunities enhance an organization's product portfolio and ability to serve patients? b. Operational risks: Will the organization be able to deliver investigational product in a timely manner for all clinical activities throughout the lifecycle of a compound's development such that patient safety is not impacted by disruptions in treatment? c. Quality risks: Will the primary endpoint criteria be consistently interpreted by clinical investigators across a development program, such that health authorities and others relying on the aggregated data find them credible? d. Compliance risks: Will the organization be able to meet varied regional regulatory requirements for trial registration and disclosure?
The organization should prospectively define a framework for how it will manage risks effectively and efficiently, including how risk management will be integrated with other activities (eg, in setting the thresholds for issue triage; see Section 6.5). A generic risk management framework and process that can be tailored to any organization is described in ISO 31000. 10 The framework and associated activities should permit the organization to differentiate significant risks from those with minimal impact on patient safety, data integrity/scientific rigor, regulatory compliance, and trust in the organization. Finally, the framework should enable the integration of risks across functions and clinical development programs to provide leadership with a holistic view of significant risks and their mitigations. considerations for their use are described in ISO 31010. 11 A risk assessment yields an understanding of how significant a risk is to objectives and leads to a decision on whether or not a risk requires action. Risks are identified and then each is analyzed by considering the impact (significance) of its consequences, how likely it is that these consequences will occur, and the effectiveness of existing risk mitigations. The combination of the impact and likelihood, accounting for the effect of existing mitigations, is the current level of risk. Risks are evaluated by comparing the current level of risk to the level of risk the organization will accept (Section 5.1.2) to determine whether actions need to be taken to reduce the risk. c. Risk mitigation: Action(s) are identified that will address the risk. Organizations should consider a range of options including avoiding the risk, changing its likelihood and/or consequences, transferring the risk (eg, through insurance), or accepting the risk by informed decision. A key question to consider is whether proposed actions will reduce the risk to an acceptable level.
Components of a Risk Management Process
If not, then these activities will add burden with little benefit. d. Risk monitoring and review: The organization should evaluate whether actions taken to address risks are achieving the desired outcome. Issue management will provide valuable insight into risk mitigation strategies that may not be optimal. When an issue occurs, risk assessment should be revisited to determine whether the risk of the issue occurring was not identified during assessment; whether risk mitigations were appropriately designed but not implemented; and/or whether new risk mitigation activities are needed to appropriately control the risk. In addition, the organization should periodically assess whether changes in the internal or external context (eg, new regulations) or accumulating information from knowledge and issue management activities (eg, trend analyses) might yield new risks or modify existing risk management strategies. e. Communication and consultation: Appropriate communication and consultation with stakeholders, including health authorities as applicable, should occur at all stages of the risk management process.
Example: Application of risk management
The following is a specific example of how risk management can be applied in clinical research. An organization may face an array of regulatory requirements related to disclosing clinical trials on public registries (eg, www.clinicaltrials.gov). One risk would be if new clinical trials meeting registration requirements were not appropriately disclosed on one or more of these registries. The organization could brainstorm on the potential causes and consequences of this risk ( Figure A4 ). For example, lacking no mechanism to quickly notify those responsible for clinical trial registration of a new trial might lead to no or late registration, with the potential for loss of trust in the organization and regulatory action such as fines or penalties.
The organization could determine that the impact of this potential failure to register a trial would be too significant and the likelihood too high without specific mitigations for this scenario. This should prompt dialogue and decisions on what actions will be taken to prevent or mitigate the risk (eg, creating a process step at protocol approval to mandate sharing of information with relevant staff or making site activation dependent on the trial information having been submitted for registration). These mitigations can then be subject to periodic monitoring and review, with defined thresholds for when an issue related to trial registration would become a significant issue (ie, an ''Issue that Matters,'' as defined below).
Issue Management
An effective issue management framework will improve identification, investigation/assessment, escalation, and communication of significant issues (ie, ''Issues that Matter''). Issues that Matter are issues that materially impact any of the following: Figure A4 . Applying risk management to regulatory requirements regarding clinical trial disclosure.
Patient safety, rights, and well-being; Data integrity and/or scientific rigor; Compliance with regulatory requirements; Trust in the clinical research enterprise.
Such a framework will provide end-to-end management of issues and support an effective Corrective and Preventive Actions (CAPA) process commensurate with the impact of the issue. An effective framework will also enhance risk management strategies and drive continuous improvement through predictive analytics.
With an effective issue management framework, significant issues should not recur, drugs may get to patients faster, and resource requirements of drug development may be reduced, all contributing to the improvement of the quality of clinical studies.
Issue detection
Within any organization, issues can be reported or detected by examining information from multiple sources. Use of methodologies that integrate information from different sources may result in identification of issues that would not be found from any single source alone. For example, linking investigator site audit/inspection data to clinical operations investigator databases can be leveraged for detecting issues.
Issue documentation and investigation
An issue management framework will enable consistent recording and investigation of Issues that Matter ( Figure A5 ).
As described below (Section 6.5.3), Issues that Matter should be investigated (gathering of pertinent information to facilitate analysis), analyzed (determining the underlying root cause[s] of the issue), and corrected/prevented via a robust CAPA plan. There should be ongoing assessment of any immediate corrections needed as well as the need for escalation to management and reporting to regulatory agencies. Issues not meeting the threshold for significance should be documented as appropriate to enable trending. This documentation should be commensurate with the complexity of the issue and potential impact.
Examples of Issues that Matter:
Over a 1-year period, the Sponsor repeatedly failed to send Suspected Unexpected Serious Adverse Reactions (SUSAR) reports for an investigational drug to multiple health authorities. An electronic Patient-Reported Outcomes (ePRO) system that was used across multiple development programs did not have an audit trail, bringing into question whether patients entered the data themselves and whether these data had been inappropriately changed. Figure A6 shows how an organization that has prospectively identified risk (or ''potential issues'') related to a trial and set thresholds for action will be well positioned to quickly act when an ''Issue that Matters'' materializes.
The CAPA process
Issues that Matter should be managed by a CAPA process. The following are the basic elements of an effective and sustainable CAPA process: a. Taking immediate action to prevent further negative impact from the issue (correction). b. Identifying the accountable person(s) for:
1. Investigating the issue (gathering the necessary information); 2. Determining the underlying root cause of the issue (eg, through performing root cause analysis); and 3. Performing a holistic assessment of the scope and impact of the issue to understand whether it is isolated or systemic. c. Identifying the accountable person(s) to develop a robust CAPA plan with at least the following elements: 1. Actions that address the identified root causes; 2. Implementation details including assigned responsibilities and timelines; and 3. Effectiveness checks to ensure the actions achieve the desired outcome and future occurrences are prevented. d. Implementing the CAPA plan, including effectiveness checks. e. Verifying the long-term sustainability of the corrective and preventive actions.
Delays or significant challenges with the execution of the CAPA process should be escalated to an appropriate level of management.
Trending and analytics
An effective issue management framework should foster continuous improvement and enhance risk management through detection of trends that may represent systemic issues or risks. Trend analysis is also a vital input to risk assessment (eg, providing information on the likelihood of an event occurring).
Effective trend analysis can be achieved with the following: a. Organizational commitment and resources b. Timely, comprehensive, complete, and meaningful data/information c. Identification of critical data/information from organizational processes and activities d. Method for accessing/analyzing the data/information in knowledge management repositories (eg, data/information structured for ease of retrieval)
Trending activities may lead to the identification of new Issues that Matter for which appropriate actions should be taken. For example:
it was discovered that a patient had not given informed consent for a blood draw for a substudy. Over a 4-month period, the same issue was detected at multiple sites across multiple trials. Collectively, these issues were elevated to an Issue that Matters.
Knowledge Management
A knowledge management (KM) framework enables the effective and successful implementation of a clinical QMS. The goal of managing knowledge is to improve organizational performance by getting the right information to the right people at the right time (ie, critical knowledge). 12 Loss of knowledge or the failure to apply knowledge may have negative consequences for organizations and most importantly, for patients. Consider the following scenario where a company identified a series of drug candidates with unique mechanisms of action that could potentially transform the care of patients and address a high unmet medical need. Delays plagued the development program of the innovator company due to key staff departures and lack of project team access to either relevant prior knowledge or across-team learnings. As a result, the company ended up being delayed to market and access by patients to transformational medicines was delayed by almost 2 years.
Examples of root causes that could have been addressed with a knowledge management strategy and approach include the following:
Knowledge and insights from previous and concurrent clinical programs were not documented and shared across clinical development teams. Company culture resulted in silos which did not actively promote sharing across clinical development teams; therefore, subject matter expertise and experience were not fully leveraged. There was no procedure in place to capture knowledge when key staff members left development programs; thus, historical context and lessons learned were lost. Data and information related to each asset were maintained in different repositories and were not easily accessible or searchable.
Implementing a structured approach to KM within clinical development can enable organizations to effectively utilize knowledge, thereby accelerating delivery of new medicines to patients by a. increasing productivity by enabling employees to search, find, and apply knowledge faster;
b. achieving and improving quality and compliance through leveraging best practices and lessons learned; and c. enhancing the ability to maintain and sustain institutional knowledge so that it can be shared and applied at an organizational level.
A KM framework includes strategies and processes designed to identify, capture, structure, value, leverage, and share the organization's intellectual assets to enhance the clinical development organization's performance and the performance of QMS elements including issue management and risk management. Fundamentals of this framework include a. the capture, storage, and accessibility of institutional explicit (formal and systematic) and tacit (personal expertise) knowledge, and b. its assimilation, interpretation, dissemination, application, and maintenance within an organization.
Types of knowledge
There are two types of knowledge the organization should consider: explicit and tacit. Explicit knowledge is visible and easily recognized, shared, documented, and accessed. Examples include tangible items such as procedural documents and clinical development plans. Tacit knowledge is harder to identify, document, and transfer as it is mainly acquired from the experience of individuals or groups (eg, subject matter experts and trial teams). The loss of tacit knowledge may be most evident when a key employee leaves an organization. In cases where ''tacit'' knowledge cannot readily be made ''explicit,'' mechanisms for collaboration and communication will help the exchange and maintenance of this knowledge.
Knowledge management conceptual framework
A knowledge-sharing culture and continuous improvement of the KM framework are important foundational aspects of the KM framework employed by the organization. Organizations should take steps to address behaviors that may impede knowledge sharing (eg, the perception that knowledge is power).
A KM framework may include the following:
a. People responsible for sponsorship, contribution, and application of knowledge, and the maintenance and credibility of the captured and stored knowledge. b. Processes that drive and support the implementation of knowledge management within the organization. c. Content that includes and enables access to and retrieval of critical knowledge and/or subject matter experts. d. Technology as an enabler to facilitate capture, use, and maintenance of critical knowledge over time.
Considerations for a knowledge management framework
The following considerations can further support the implementation of an effective KM framework:
a. Understand the Knowledge Needs: Identify the critical knowledge necessary to drive optimal outcomes tailored to organizational needs. b. Assess Opportunity: Understand where improvement of knowledge flow may provide opportunity for enhanced execution to improve critical business outcomes. c. Design and Implement Solutions: Define and deploy mechanisms to enable and improve knowledge access and sharing. d. Improve and Sustain: Assess performance against anticipated outcomes and adjust as necessary. Assess opportunities for continuous improvement to sustain the framework over time.
Documentation Supporting Achievement of Quality
The level of documentation for any clinical developmentrelated process should be commensurate with the risks of the activity and the significance of the activity to achieving quality objectives and meeting stakeholder requirements. How, where, and for what period of time documentation will be retained should be established prospectively.
Elements of a Clinical QMS Conceptual Framework That Support Continuous Improvement
The following elements should be developed to evaluate the overall status and health of the clinical QMS and as part of continuous improvement: Assessing the Clinical Quality Management System and Management Review.
Assessing the Clinical Quality Management System
To ensure the initial implementation and ongoing effectiveness and efficiency of its clinical QMS, the organization should prospectively define how the elements and foundational aspects will be evaluated. These activities provide the organization with insight into whether the QMS design is appropriate and continues to be fit for purpose. The performance of the QMS elements should be assessed both individually and in aggregate. These assessments are an important input to management review (Section 7.2). An effective plan for assessment typically includes the following steps:
a. Assess the current state against the clinical QMS conceptual framework. b. Identify gaps and/or inefficiencies as well as interdependencies between elements.
c. Evaluate the impact of the gaps and/or inefficiencies and identify what improvements/enhancements are needed. d. Prioritize development and implementation of identified improvements/enhancements. e. Recommend actions to senior leadership (ie, during management review).
A baseline assessment should be performed, followed by periodic evaluations at appropriate intervals as part of continuous improvement or in response to changes in the organization's environment. For example, a change in the organization's portfolio (part of the organization's internal and external context) should trigger an evaluation of the continued suitability of the existing clinical QMS elements.
Assessing the current state against the clinical QMS framework generally occurs first on an individual element basis, comparing what an organization has in place vs. the concepts described for that element. For example, in Figure  A7 , an organization could determine that it has implemented most, but not all, items needed for maturity level 2 for the Issue Management element. This information can then be utilized to evaluate impact and identify what improvements or enhancements may be required, based on the organization's needs.
This assessment against the clinical QMS conceptual framework can also be done in aggregate. Overall QMS maturity may be determined, and the organization can identify gaps and/or inefficiencies as well as interdependencies between the elements.
Management Review
Senior leadership with the appropriate accountability and decision-making authority for clinical development should periodically review the performance of the QMS to ensure that it a. continues to fulfill the quality objectives, b. remains aligned with the strategic direction of the organization, c. is supported by appropriate resources, and d. provides benefits that exceed the burden of maintenance.
The frequency, structure, and content of the management reviews should be based on the maturity of the QMS and the complexity of the organization. During this review, senior leaders should determine the need for action and communicate decisions to all appropriate levels within the organization. Figure A8 provides examples of potential data and information that may be considered during management reviews as well as examples of potential outcomes from these reviews. Figure A8 . Potential inputs to and outputs from management review. CAPA, Corrective and Preventative Actions; MR, management review; QMS, Quality Management System. Figure A7 . Individual element assessment for issue management.
Potential Inputs to Management Review
